Scope: Previously, it has been found that corn oil ingestion activates both the gustatory system and brain reward system, stimulating motivation for eating. In the present study, the effect of voluntary corn oil ingestion on body weight gain and energy metabolism in mice is investigated. Methods and results: Voluntary corn oil ingestion with normal chow feeding does not lead to higher body weight than that of only the chow-fed control group. Mice that ingested corn oil have a higher total caloric intake and energy expenditure than did mice in the control group. Further, voluntary corn oil ingestion significantly upregulates Ucp1 mRNA and protein in interscapular brown adipose tissue (IBAT). Finally, the sympathetic nerve connected to IBAT was surgically transacted, then the body weight is measured for 8 weeks. IBAT sympathetic nerve transection surgery does not affect the body weight gain and food intake; however, when mice ingested corn oil, it induces significant body weight gain without changing the total caloric intake. IBAT sympathetic nerve transection surgery significantly suppresses UCP1 upregulation by corn oil ingestion. Conclusion: The present data suggest that corn oil ingestion activates IBAT through the sympathetic nerve, upregulating UCP1 expression and increasing energy expenditure.
Introduction
Fatty foods are attractive, and one of the components that make foods more palatable is dietary fat. Recent studies indicate that mice and rats prefer consuming not only fatty foods but also dietary fat itself. [1] [2] [3] Considerable research has revealed that rodents and humans have specific receptors (CD36 and GPR120) DOI: 10.1002/mnfr.201800241 for fat molecules in taste bud cells, which indicates that dietary fat makes foods palatable not only through the olfactory system (smell and flavor) and sensory system (texture), but also through the gustatory system. [4] [5] [6] In addition, we reported that the spontaneous ingestion of corn oil induces conditioned place preference (CPP) in a test that evaluated the reinforcing property of a test sample. [7] In an operant lever-press task, we demonstrated that the rewarding effect of corn oil is enhanced in proportion to its concentration, [8] and mice showed a maximum rewarding effect to pure (100%) corn oil. Additionally, we, as well as another group, observed that dietary fat ingestion stimulated the brain reward system, promoting dopamine release. [9, 10] Thus, dietary fat is both palatable and rewarding. It is reasonable for animals to choose high-fat over low-fat foods, or overconsume fatty foods for survival and storage, because fat is a dense source of energy. In humans, the palatability of dietary fat sometimes causes problems because it induces overconsumption and obesityrelated disease. Fatty foods stimulate the appetite and reward system, and the chronic consumption of fatty foods confounds both innate appetite regulation and reward system.
However, several studies have provided evidence that the ingestion of a palatable meal is more capable of increasing energy expenditure than that of a non-palatable meal. [11] [12] [13] [14] Additionally, a palatable meal improved brown adipose tissue (BAT) thermogenesis in obese (ob/ob) mice. [14] Considering the fact that mice show the highest palatability for pure dietary fat, it might be possible that pure dietary fat palatability could not only stimulate appetite, but also considerably increase energy expenditure through BAT activation. In most obesity research, mice were given dietary fat mixed with diet. It is well known that mixed diets that yield 45-60% kcal from fat do indeed result in obesity [15, 16] and reduced the activity of the sympathetic nerve innervating BAT [17, 18] in rodent models. There are several reports presenting mice with pure dietary fat (vegetable oil or lard) ad libitum [1, [19] [20] [21] [22] [23] ; however, to date, there have been no reports that examined the effect of pure dietary fat ingestion on energy expenditure in mice.
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In the current study, we investigated whether voluntary ingestion of corn oil induces obesity-increasing caloric intake. We also investigated the effect of corn oil ingestion on energy expenditure and thermogenesis.
Experimental Section

Animals
Five-week-old male C57BL/6N mice were obtained from Japan SLC (Hamamatsu, Japan) for each experiment. Mice were housed four to six per cage in a vivarium maintained at 23 ± 2°C under a 12:12 h light/dark cycle (lights on from 06:00-18:00 h). A commercial standard laboratory chow (MF; Oriental Yeast, Tokyo, Japan) and water were available ad libitum. The caloric ratios of protein, fat, and carbohydrates in the chow were 26.2, 13.3, and 60.5%, respectively. Corn oil was purchased from Ajinomoto (Tokyo, Japan). Fatty acid composition of corn oil is 13% (saturated fat) and 87% (unsaturated fat). The mice were maintained for 1 week after arrival to acclimatize them to their surroundings before being tested. To test whether the ad libitum consumption of corn oil induces obesity, corn oil was placed into a drinking bottle and offered to the cage. Therefore, each cage was equipped with a bottle of water and corn oil, except for the control group (only water). All experiments were conducted during the light phase, except for experiment 2.3, "Propranolol administration with respiratory gas analysis."
This study was conducted in accordance with the ethical guidelines of the Kyoto University Animal Experimentation Committee and was in complete compliance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals. All of the procedures were approved by the Kyoto University Animal Care and Use Committee (permission numbers: 29-44). Every effort was made to minimize the number of animals used and limit experimentation to that which was necessary to produce reliable scientific information. For tissue collection, mice were euthanized with pentobarbital (150 mg kg −1 ) after 4 or 8 weeks of corn oil ingestion.
Respiratory Gas Analysis
The mice were held individually in a chamber for 48 h so that they could attain a constant respiratory exchange ratio (RER). Gas analysis was performed using an open-circuit metabolic gas analysis system connected directly to a mass spectrometer (Model Arco2000; ArcoSystem, Chiba, Japan). The gas analysis system has been described in detail elsewhere. [24] Briefly, each metabolic chamber had a 170-cm 2 floor area and was 8 cm in height. Room air was pumped through the chambers at a rate of 0.3 L min −1 . Expired air was dried in a thin cotton column and directed to an O 2 /CO 2 analyzer for MS. Motor activity was measured by using an infrared sensor, equipped in each chamber.
Propranolol Administration with Respiratory Gas Analysis
Before the experiment, mice ingested corn oil for 4 weeks. On the day of the experiment, mice were placed in the chamber for respiratory gas analysis. For habituation, mice were kept in the chamber at least for 10 h, and chow, corn oil, and water were available in the chamber. Propranolol (10 mg kg −1 ; chow, n = 6; chow + corn oil, n = 5) or saline (chow, n = 5; chow + corn oil, n = 5) was administered to mice 2 h after the lights had been turned off, which is when the mice are most active and oxygen consumption is highest. After the administration, food was removed from the chamber.
Blood Analysis
Blood sampling was conducted during the light phase from ad libitum-fed mice. Blood was collected by retro orbital bleeding by glass capillary, placed into microtubes, and stored at 23 ± 2°C for 30 min. Serum was separated using a refrigerated centrifuge. Blood serum samples were analyzed by using appropriate assay kits for glucose (glucose CR-II; Wako Pure Chemical Industries, Osaka, Japan), non-esterified free fatty acid (NEFA C; Wako Pure Chemical Industries), and triglyceride (Triglyceride E; Wako Pure Chemical Industries).
Cold Exposure
Before cold exposure, the corn oil group ingested corn oil for 4 weeks in group housing (chow, n = 6; chow + corn oil, n = 10). On the day of the experiment, mice were exposed to cold (4°C) for 3 h, after which the core body temperature was measured by rectal temperature probe.
Measurement of Chow and Corn Oil Intake
Chow and corn oil intake per 24 h was measured for 8 weeks. The mice were reared individually and were allowed food and water with or without corn oil during the experiment (chow, n = 5; chow + corn oil, n = 6). Spilled chow was weighed and chow intake was corrected as necessary. A two-ball spout (CLEA Japan, Tokyo, Japan) was used to prevent corn oil leakage.
Individual housing sometimes causes stress to mice, affecting their food intake and behavior. [25] We also checked the chow and corn oil intake of the group-housed animals (two to three mice per cage) using the same method as described above (chow, n = 5 cage [total 15 mice], chow + corn oil, n = 6 cage [total 17 mice]).
Surgery
Surgical denervation of the sympathetic nerves, which innervated interscapular brown adipose tissue (IBAT), was performed as previously described. [26] Briefly, a midline incision was made in the skin along the upper dorsal surface to expose both IBAT pads under pentobarbital anesthesia (50 mg kg −1 ). Then, the medial and ventral surfaces of both IBAT pads were exposed to visualize nerves beneath the pads. Under the microscope, the exposed nerve bundles were all cut using micro-scissors. The incision was closed by suture (BSNTX; chow, n = 5; sham: chow + corn www.advancedsciencenews.com www.mnf-journal.com Table 1 . Primer sequences for quantitative PCR.
Forwad
Reverse
oil, n = 6). Sham control mice received a similar surgical operation, but both nerves were left intact (sham: chow, n = 6; sham: chow + corn oil, n = 6). For IBAT removal, the IBAT pads were removed using scissors and the incision was closed by suture (BAT removal: chow, n = 6; BAT removal: chow + corn oil, n = 6). After surgery, all mice were individually housed and allowed to recover for at least 10 days.
Quantitative PCR Analysis
Total RNA from whole tissue was extracted using a combination of the TriPure Isolation Reagent (Roche, Mannheim, Germany) and RNeasy mini kit (Qiagen, Valencia, CA, USA). cDNA was generated using the PrimeScript RT Reagent Kit (Takara, Shiga, Japan). cDNA was quantified via the LightCycler 480 instrument and 2× SYBR Green (Roche, Indianapolis, IA). Gene expression data are presented relative to the parallel measured expression of housekeeping cDNA, Gapdh (glyceraldehyde-3-phosphate dehydrogenase). Sequences of primer are listed in Table 1 .
Protein Analysis
Total protein from whole tissue was extracted in a buffer (20 mm Tris pH 7.4; 150 mm sodium chloride; 10 mm EDTA; 100 mm sodium fluoride; 10 mm sodium pyrophosphate; and 1% Nonidet P-40) containing 10 mM sodium orthovanadate and protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, USA). Proteins were quantified using the Pierce BCA Protein Assay Kit, and 10 µg of protein was separated using SDS-PAGE. Following SDS-PAGE, proteins were transferred to PVDF membranes (Millipore, Billerica, MA, USA), blocked with 5% milk in Tris-buffered saline containing 0.1% Tween20 (TBS-T) followed by incubation with primary and secondary antisera in TBS-T. Antibody binding was visualized by Chemilumi-one (Nacalai Tesque, Kyoto, Japan). Antibodies used for western blot analyses were a rabbit polyclonal antibody against UCP1 (SAB3501101; Sigma Aldrich), mouse monoclonal antibody against β-actin (MAB1501; Millipore), and HRP-conjugated goat anti-rabbit or mouse IgG antibody (Biorad, Hercules, CA, USA).
Statistical Analysis
All values are presented as mean ± SEM. Statistical analyses were carried out using a Mann-Whitney U test for comparisons of two groups. Analyses of variance (ANOVA) were used for comparisons of more than three groups (Prism 6.0; GraphPad Software Inc., San Diego, CA, USA). When significant differences were found, Tukey's post hoc analysis was performed. A two-way repeated-measures ANOVA was applied to compare the group differences in body weight gain, food intake, oxygen consumption, and rectal temperature. When significant differences were found, the Mann-Whitney U test (two groups) or Tukey's post hoc analysis (>2 groups) was performed. Differences with p-values of <0.05 were considered significant.
Results
Effect of Corn Oil Ingestion on Body Weight Gain, Oxygen Consumption, and Motor Activity
We offered corn oil in drinking bottles in the cages with chow. However, the body weight gain of the corn-oil-fed group (chow + corn oil) was not different from that of the control group (chow) (Figure 1) .
We conducted respiratory gas analysis 4 weeks after corn oil ingestion. The corn-oil-fed group showed a low RER throughout the day (Figure 2A) . Oxygen consumption was higher in the corn oilfed group than that of the control group throughout the day. The total oxygen consumption (for 24 h) of the corn-oil-fed group was significantly higher than that of the control group ( Figure 2B ). The corn-oil-fed group showed a higher motor activity, especially in the dark phase ( Figure 2C ). The daily energy expenditures calculated from oxygen consumption data were 10.07 ± 0.2591 kcal (chow) and 11.98 ± 0.2909 kcal (chow + corn oil). 
Corn Oil Ingestion Changed Gene Expression Related to Thermogenesis in IBAT
Several studies showed that the spontaneous ingestion of vegetable oil increased the daily total caloric intake. [21, 23, [27] [28] [29] This led us to hypothesize that corn oil ingestion might stimulate thermogenesis, increasing energy consumption and counterbalancing overconsumption. Although there were no significant differences in IBAT weight and triglyceride and free fatty acid levels in serum ( Figure 3A and B) , the expression of genes related to BAT thermogenesis and fatty acid metabolism differed considerably ( Figure 3C ). Corn oil ingestion for 4 weeks dramatically upregulated the Ucp1 and adrenoreceptor β3 (Adrβ3) mRNA expression. Transcription factors related to adipocyte metabolism, peroxisome proliferator-activated receptor-γ coactivator-1 α (Pgc1α) and peroxisome proliferator-activated receptor-γ 2 (Pparγ 2) were upregulated by corn oil ingestion. In addition, the brown adipocyte markers, Prdm16, cidea; and the lipolytic genes, monoaclyglycerol lipase (Mgl) and hormone sensitive lipase (Hsl), were more upregulated in corn-oil-fed mice compared to the control group, but adipose triglyceride lipase (Atgl) was not changed. The lipogenic gene fatty acid synthase (Fas) was significantly downregulated in the IBAT of corn-oil-fed mice. Western blotting analysis using a UCP1 antibody revealed that corn oil ingestion upregulated UCP1 protein levels ( Figure 3D ).
Voluntary Ingestion of Corn Oil Increased Total Caloric Intake
We next investigated the daily chow and corn oil intake by using a separate group of animals from those in Figures 1 and 2 . To measure the daily chow and corn oil intake, mice were reared in individual cages 1 week before the start of the experiment. Daily corn oil intake gradually increased, and chow intake decreased until at least 8 weeks from the start of the experiment in the cornoil-fed group (Figure 4A) . The total caloric intake of corn-oil-fed mice was consistently and significantly higher than that of the control group. After 8 weeks of corn oil ingestion, we euthanized the animals and collected the liver and adipose tissues (IBAT, epididymal, inguinal, mesenteric, and perirenal fat). Similar to Figure 1 , there were no significant differences in body weight between the control and corn-oil-fed group. Corn-oil-fed mice showed a heavier epididymal fat weight; however, there were no significant differences in all tissue weights between the control and corn-oil-fed groups ( Figure 4B ). Similar to Figure 3C , corn oil ingestion dramatically upregulated genes related to thermogenesis in IBAT ( Figure 4D ). However, Ucp1 was not significantly upregulated by corn oil ingestion in white adipose tissues (inguinal and epididymal fat). On the contrary, Adrβ3 and cidea were downregulated by corn oil ingestion in inguinal and epididymal fat. Figure 5 showed the body weight gain and food intake in group-housed mice. Similar to Figure 1 , the body weight gain in the corn-oil-fed group was comparable to the chow-fed control group. The total caloric intake of corn-oil-fed mice was significantly higher than that of the control group at weeks 4, 5, 6, and 8.
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Changes in Body Temperature by Cold Exposure at 4°C
Before cold exposure (time point 0), the core body temperature (rectal) of the corn-oil-fed group tended to be higher than that of the control group (Figure 6) . In control mice, the core body temperature gradually decreased with cold exposure. In contrast, corn-oil-fed mice maintained a core body temperature of around 37.8°C for at least 4 h.
Effect of Propranolol on Energy Expenditure
IBAT thermogenesis is regulated by the sympathetic nervous system. To examine whether the sympathetic nervous system increases oxygen consumption, mice were administered propranolol to inhibit sympathetic nerve activity. After 4 weeks of voluntary corn oil ingestion, mice were divided into two groups. Propranolol (10 mg kg −1 ) or saline was administered to mice in the dark phase (2 h after lights off) when mice were most active and showed the highest oxygen consumption. Propranolol had no effect on the oxygen consumption nor motor activity in mice fed only chow (Figure 7, left panel) . In corn-oil-fed mice, propranolol significantly reduced the oxygen consumption www.advancedsciencenews.com www.mnf-journal.com compared to that of the saline administered group (Figure 7 , right panel). There was no significant difference in motor activity between the groups.
Surgical Denervation of the Sympathetic Nerve Connected to IBAT Induced Significant Body Weight Gain by Corn Oil Ingestion
To examine whether corn oil ingestion might activate IBAT through the sympathetic nerve, we surgically cut the sympathetic nerve connected to IBAT. Mice that received BAT sympathetic nerve transection (BSNTX) surgery showed a similar body weight gain to sham-operated mice, indicating that BSNTX itself did not affect body weight gain under normal chow feeding ( Figure 8A) . Voluntary corn oil ingestion induced a significant body weight gain in the BSNTX group. We also investigated the effect of surgical IBAT removal on body weight gain by corn oil ingestion as the follow-up study of BSNTX surgery. IBAT removal surgery induced a greater body weight gain in mice that ingested corn oil ( Figure 8B ).
BSNTX Surgery Reduced UCP1 Expression in IBAT
After 8 weeks of corn oil ingestion, we collected IBAT from the sham-operated and BSNTX groups and checked Ucp1 and Adrβ3 mRNA expression. The IBAT weight in the BSNTX group with corn oil ingestion was significantly higher than that of the shamoperated group with corn oil ingestion (Figure 9A left panel) . BSNTX significantly reduced the increase in Ucp1 mRNA expression by corn oil ingestion ( Figure 9A right panel) but did not affect Adrβ3 mRNA expression. UCP1 western blotting revealed that BSNTX significantly reduced the UCP1 protein both in the chow and chow + corn oil groups ( Figure 9B ).
Effect of BSNTX Surgery on Adipose Tissue Weight and Food Intake
We measured daily chow and corn oil intake by using a separate set of animals from those in Figure 8 . Similar to Figure 8 , BSNTX surgery induced a significant body weight gain in corn-oil-fed mice ( Figure 10A) . BSNTX surgery had no effect on adipose tissue weight compared to the sham-operated group in the chow-fed only group ( Figure 10B ). The BSNTX with corn group showed the heaviest adipose tissue weight in all adipose tissue measurements. There were significant differences in the epididymal and mesenteric fat weight between the sham: chow + corn oil and BSNTX: chow + corn oil groups.
BSNTX surgery did not affect the chow intake and corn oil intake in either the chow-fed only (Figure 11, right) or corn-oil-fed groups (Figure 11, left) .
Effect of BSNTX Surgery on Oxygen Consumption, and Motor Activity
After 8 weeks of corn oil ingestion, we measured oxygen consumption. BSNTX surgery did not affect oxygen consumption Values are mean ± SEM. *p < 0.05; two-way repeated ANOVA, followed by a Bonferroni post hoc test (BSNTX: chow + corn oil vs all other groups). B) Effect of brown adipose removal (BAT removal) surgery on body weight gain. Values are mean ± SEM. **p < 0.01, *p < 0.05; two-way repeated ANOVA, followed by unpaired t-test as a post hoc test.
nor motor activity in only chow-fed mice (Figure 12) . Among corn-oil-fed mice, the BSNTX: chow + corn oil group showed lower oxygen consumption compared to that of the sham: chow + corn oil group. 
Discussion
Generally, high-fat and cafeteria diets cause obesity very rapidly, and the dietary fat contained in these diets is thought to be the most likely cause of hyperphagia and obesity in mice. However, in our current study, voluntary ingestion of corn oil did not cause obesity, although it increased the daily caloric intake in C57BL/6 mice. We observed an increase in oxygen consumption due to corn oil ingestion, indicating that corn oil ingestion increased energy expenditure. In addition, corn oil ingestion lowered the RER, indicating that corn-oil-fed mice utilized more fat as an energy source than did the control group. Owing to the increased energy expenditure and fat utilization, voluntary corn oil ingestion did not cause obesity. However, mice that received sympathetic nerve transection (BSNTX) surgery on IBAT developed significant body weight gain with corn oil ingestion without changing their caloric intake. These results suggest that corn oil ingestion may activate IBAT through the sympathetic nerve, increasing UCP1 expression, stimulating thermogenesis, and increasing energy expenditure. This also suggested that BAT may play a key role in body weight regulation when animals eat fatty food.
In the present study, we observed that corn oil ingestion increased both the daily caloric intake and energy expenditure. It is still unclear why mice increased their energy expenditure by corn oil ingestion. It might be possible that the increase in energy expenditure by corn oil ingestion was a compensatory mechanism to prevent excessive fat accumulation. Another possibility is body thermoregulation. Mice slept together in the group housing, warming each other up in the experimental room (23 ± 2°C). Because corn oil ingestion promoted energy consumption by increasing body temperature and heat production, corn oil ingestion may be beneficial for body temperature maintenance. Indeed, corn oil intake in individual housing was slightly higher than that in group housing.
Leblanc et al. reported that food palatability is very important for meal-induced thermogenesis in humans. [30] They reported that palatable meals led to higher oxygen consumption and adrenaline release in the blood than did unpalatable meals. Rothwell et al. also reported the same phenomenon in mice. [31] Previously, we reported that mice preferred higher corn oil concentrations than lower concentrations in the two-bottle choice test. [3, 32] One hundred percent pure corn oil was the most preferable food component examined by the two-bottle choice, CPP, operant lever paradigm, and licking tests. [7, 8, 32] Considerable studies have revealed that a high-fat diet increases energy expenditure but causes obesity in rodents, which is not in accordance with the results of the present study. Sakaguchi et al. [18] found that a high-fat diet reduced basal IBAT sympathetic nerve activity. Thus, our current results and previous reports suggested that the palatability of corn oil may be higher than that of a high-fat diet, and therefore, more strongly increase energy expenditure, counterbalancing body weight gain.
Several studies demonstrated that high-fat and cafeteria diets increase UCP1 expression in IBAT. [17, 28, 33, 34] Similar to our previous study, we observed an increase in IBAT UCP1 expression following corn oil ingestion. In addition, we observed an increase in Adrβ3 mRNA, suggesting that corn oil potentiates noradrenaline signaling in IBAT. Further, BSNTX suppressed the increase in UCP1 expression caused by corn oil ingestion. These data indicated that noradrenaline released from the terminal of the sympathetic nerve plays an important role in the regulation of IBAT UCP1 expression by corn oil ingestion.
Kim et al. [35] recently reported that fish oil intake induced UCP1 upregulation in both BAT and white adipose tissue through sympathetic nerve activation. However, in the current study, an increase in UCP1 by corn oil ingestion was only observed in IBAT, and not in white adipose tissue (epididymal fat and inguinal fat) suggesting that corn oil-induced UCP1 upregulation is IBAT specific. The difference in fatty acid composition between fish oil and corn oil may explain the tissue specificity in UCP1 upregulation.
Noradrenaline released from the terminal of the sympathetic nerve binds to ADRβ3 expressed in brown adipocytes, and the cAMP cascade activates transcription factors upregulating UCP1. [36] In the current study, BSNTX dramatically downregulated UCP1 protein expression without changing the Ucp1 mRNA level. This implies the importance of the sympathetic nerve and noradrenaline signaling for UCP1 protein stability.
The mechanism of how corn oil activates the sympathetic nerve is still unclear. One explanation is the activation of hypothalamic neurons. In our previous study, we observed that voluntary corn oil ingestion rapidly activated pro-opiomelanocortin (POMC) neurons in the hypothalamic arcuate nucleus. [37] Taste nerve transection surgery partially blocked POMC neuronal activation by corn oil ingestion and intragastric administration of corn oil-activated POMC neuron, suggesting that corn oil stimulated both the taste cells and intestinal cells via fatty acid receptors GPR120 and CD36, and the signals were transmitted to the POMC neuron in the brain through the taste and vagus nerves, respectively. Chitravanshi et al. more directly observed that arcuate nucleus stimulation elicited increases in sympathetic nerve activity and stimulated thermogenesis in IBAT. [38] We also observed that small amounts of fat emulsion (intralipid) applied to the tongue stimulated sympathetic nerve activity innervated to www.advancedsciencenews.com www.mnf-journal.com Figure 11 . Effect of BSNTX surgery on daily chow (top), corn oil (middle), and total caloric intake (bottom). Values are mean ± SEM.
IBAT in urethane anesthetized rats (unpublished data). It is well known that the POMC neuron regulates energy expenditure via the sympathetic nerve. [39] These findings suggested that corn oil may indirectly stimulate the hypothalamic POMC neuron, which in turn regulates IBAT sympathetic nerve activity.
BSNTX surgery could not completely eliminate the increase in Ucp1 mRNA expression by corn oil, and BAT removal surgery promoted more weight gain than did BSNTX surgery. These data indicated the importance of factors other than the IBAT sympathetic nerve, unless the surgery could not completely transect all sympathetic nerve fibers connected to IBAT. The postoral effect of fat ingestion may increase UCP1 expression. Large amounts of fat ingestion change the body environment, such as the concentrations of blood triglyceride, free fatty acid, insulin, and other hormones. Several reports demonstrated that free fatty acids and triglycerides increase UCP1 expression in brown adipocytes [29, 40, 41] and the supply of triglycerides and free fatty acids from circulation to brown adipocytes must be high in corn-oil-fed mice. Thus, free fatty acids and triglycerides may partially upregulate UCP1 in IBAT. However, we did not observe an increase in triglycerides or free fatty acid levels in the serum with corn oil ingestion for 4 weeks. As 4 weeks of corn oil ingestion significantly upregulated lipolytic genes and downregulated lipogenic genes in IBAT, it may be possible that brown adipocytes in IBAT incorporated and oxidized triglycerides and fatty acids very rapidly from circulation. However, it is possible that other factors in circulation may affect IBAT UCP1 expression. Further study is needed to elucidate the precise mechanism. Granneman et al. have shown that IBAT transection surgery increases ADRβ3 and that cold exposure decreases ADRβ3 expression in rat IBAT. [42] Opposite to our current results, these results indicate that the sympathetic nerve is not necessary for the upregulation of ADRβ3. These differences might be attributed to the species difference, or ADRβ3 expression might be regulated by other factors in concert with noradrenaline signaling in corn-oil-fed mice.
Conclusion
Our current study suggests that the sympathetic nerve plays an important role in the regulation of body weight through IBAT UCP1 upregulation. Voluntary ingestion of corn oil may stimulate the reward system by its palatability, contributing to an increase in caloric intake (appetite). Simultaneously, it may also stimulate the sympathetic nerve connected to IBAT, increasing thermogenesis and energy expenditure. These results suggest that not only meal size and dietary fat content, but also palatability or diet type (mixed or pure fat), may play an important role in body weight regulation.
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